Abdominal surgery for congenital malformation is a common procedure in the neonatal period. Intraoperative analgesia for this surgery usually involves regional anaesthesia (local anaesthetic wound infiltration or epidural blockade) and/or systemic opioid. However, all have limitations in the neonatal period.
Neonates are particularly susceptible to the respiratory depressant effects of systemic opioids, which can delay extubation and necessitate high dependency care.
The relatively lower doses of local anaesthetic needed to cause toxicity in this age group limits the use of regional anaesthesia techniques. Infiltration techniques requiring high volumes of local anaesthetic are therefore limited by the consequent lower than conventional local anaesthetic concentrations. Furthermore, many surgeons are reluctant to infiltrate prior to making large incisions. Epidural analgesia for upper or mid abdominal surgery is not commonly performed in neonates due to the technical challenges and fear of significant neurological complications.
The transversus abdominis plane (TAP) block has been recently introduced into both adult and paediatric practice [1] [2] [3] [4] [5] [6] . It has been shown that a single injection can provide effective blockade of the thoracolumbar spinal nerves innervating the abdominal wall 7 . Following our established early experience with this technique in older children 2 , we subsequently applied the technique successfully in four neonates who underwent minor or major abdominal surgery under general anaesthesia.
CASE HISTORIES
All blocks were performed with a SonoSite MicroMaxx portable ultrasound, a 13-6 MHz SLA 25 mm broadband transducer and 'in-plane' needle imaging using either a 22 G neonatal spinal or hypodermic needle (Figures 1 and 2) . Once the SuMMARy This paper describes four neonates having abdominal procedures with intraoperative and early postoperative analgesia provided by a transversus abdominis plane regional block. Analgesia for neonatal upper and midabdominal surgery usually involves regional anaesthesia and/or systemic opioid. All these analgesia techniques have problems specific to the neonatal period. Neonates are sensitive to the respiratory depressant effects of systemic opioid, while the low threshold for local anaesthetic toxicity limits regional anaesthesia/analgesia, which in neonatal upper abdominal surgery is often limited to local anaesthetic infiltration.
The transversus abdominis plane block has been shown to provide effective analgesia following a variety of abdominal surgeries in both adults and children. We report four neonates who underwent minor or major abdominal surgery under general anaesthesia supplemented by ultrasound-guided transversus abdominis plane block. Perioperative opioids were administered to one neonate who required postoperative ventilation. Ultrasoundguided transversus abdominis plane bock is a technically feasible alternative to local anaesthetic wound infiltration in the neonate and warrants further evaluation.
key Words: transversus abdominis plane, ultrasound, imaging techniques, neonate anatomy was visualised, the needle was advanced under direct ultrasound observation ( Figure 3A ). When the tip was observed to be in or near the TAP, 0.4 ml/kg of ropivacaine 0.25% was injected and its spread noted ( Figure 3B ). If the spread was unsatisfactory, the needle tip was repositioned.
Four neonates having upper or mid abdominal surgery received TAP blockade after sevoflurane Table 1 . Three of the neonates were extubated at surgery cessation and all were cared for in a neonatal unit postoperatively. One neonate underwent primary closure of a large gastroschisis and was electively ventilated postoperatively.
DISCuSSION
These four case reports demonstrate that the TAP block is technically feasible in the neonate.
Our assumption was that the placement of local anaesthetic within the TAP would result in effective intraoperative analgesia of the abdominal wall. In all four cases, haemodynamic parameters remained within acceptable limits, suggesting that effective analgesia had been achieved. In three out of the four neonates, the TAP block replaced the requirement for local anaesthetic infiltration and may have been a factor in the avoidance of opioids throughout the entire perioperative period. The one neonate who did require opioid did so in part because of the planned postoperative mechanical ventilation. In the other neonate who underwent major surgery, our usual practice would have been to administer intraoperative morphine and perhaps a postoperative morphine infusion. In the other two cases, the avoidance of all perioperative opioids would have certainly contributed to their successful early feeding a few hours after surgery. ultrasound imaging was essential for the TAP injections in these cases. ultrasound enabled the real-time monitoring of needle-tip position, but also the observation of local anaesthetic spread, either inappropriately outside or appropriately within the TAP. This was important because the needle-tip was at times within millimetres of both the bowel and liver parenchyma ( Figure 3B) 8 .
Wound infiltration analgesia requires relatively large volumes of local anaesthetic to satisfactorily cover the surgical field. This is particularly relevant in the neonatal period where reduced local anaesthetic volume of distribution and reduced plasma protein levels increase the potential for bolus dose local anaesthetic toxicity. Depending on the extent of the surgical incision (such as case 1), this mandates the use of very dilute local anaesthetic, which may limit the effective block duration. By enabling a reduction in local anaesthetic volume, the TAP block may allow the administration of more conventional local anaesthetic concentrations (e.g. bupivacaine/ ropivacaine ≥0.25%). It also ensured preemptive afferent blockade, which is usually only associated with epidural blockade as many surgeons will not administer infiltrative analgesia as a pre-emptive technique.
The transversus abdominis plane block is a relatively recently described approach for regional blockade for abdominal surgery. The spinal afferent nerves supplying the abdominal wall lie in the neurofascial plane between the transversus abdominis and internal oblique muscles prior to reaching the anteriorly situated rectus abdominis muscle. The original 'fascial click' description in adults approached the TAP via the Triangle of Petit 5, 6 .
The Triangle of Petit can be difficult to palpate in anaesthetised children. ultrasound imaging can overcome the problem of poorly palpable landmarks.
Our experience in children, in line with others 9 , is that the TAP block can be readily performed with ultrasound guidance as the muscle layers at this level of the abdominal wall are easily imaged. There is controversy surrounding the neurotome cover provided by a single injection of local anaesthetic within the TAP 3, 10 . Initial studies in adults showed that the TAP block could provide blockade of the lower six thoracic and first lumbar spinal nerves via a single injection 5, 7 . Other investigators have questioned the extent of blockade above T10 when a single injection is administered immediately above the iliac crest 10 . This led to the so-called 'subcostal' TAP block, which was an attempt to provide reliable blockade from T6 to T10 10 . Two of our neonates received a subcostal injection.
There are significant limitations to this report. The TAP block is not without risk, primarily related to needle puncture and injection into an intra-abdominal organ ( Figure 3A) 8 . Theoretically, these risks could be higher in the neonate because of the very small distances from the skin to the intra-abdominal viscera.
The operator who performed all four TAP injections in this report (MF) was experienced in both neonatal and ultrasound-guided regional anaesthesia and had also previously gained significant experience with this block in larger paediatric patients 2 . Single injection TAP blocks were used in these cases; the duration of analgesia for such injections is unknown. Continuous TAP blockade via catheters placed within the TAP may have enabled a prolongation of postoperative analgesia and therefore a reduction in the duration of postoperative ventilation in the patient who underwent gastroschisis closure. Finally, this report is of only four patients. We cannot conclude that the technique described can be applied to all neonates presenting for this surgery. An expanded case series, or ideally a randomised trial incorporating more formal assessment of neonatal pain would be required to validate the technique in this setting. Specifically, future studies are needed to define appropriate groups of patients in whom the block is effective and/or indicated, the optimal site for local anaesthetic placement and the block's duration of effect.
In summary, the TAP block is a technically feasible technique in neonates and was a useful adjunct to general anaesthesia in the cases described in this report. We hope that this report will promote further evaluation of the technique in this age group.
